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(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain overcurrent energization to a 
thermo-module. 

SOLUTION: A thermo-module 5 carries out heating operation when a current from a 
lead pin 16f toward a lead pin 16a is energized. On the contrary, it carries out cooling 
operation when current from the lead pin 16a toward the lead pin 16f is energized. An 
overcurrent limitation means 20 for restraining overcurrent energization in a heating 
direction to the thermo-module 5 is provided. The overcurrent limitation circuit 20 
has a bypass path 21, a resistor 22 and a diode 23. When current in a heating 
direction is energized, the diode 23 turns 'on* and current is shunted and flows to the 1 
thermo module 5 and the bypass path 21. Thereby, overcurrent energization to the 
thermo-module 5 can be restrained. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the drive method of the semiconductor laser module 

used in the field of optical communication, and a semiconductor laser module. 

[0002] 

[Description of the Prior Art] The example of 1 structure of a semiconductor laser module is typically shown to drawing 6 (a) 
by the cross section, and an example of the electric wiring of the semiconductor laser module shown in drawing 6 (a) is shown 
in drawing 6 (b). It is made to join together optically and the semiconductor laser module 1 shown in drawing 6 (a) 
modularizes the semiconductor laser element 2 and an optical fiber 3. 

[0003] That is, as shown in drawing 6 (a), the thermostat module 5 is formed on bottom wall side 4a among packages 4. Two 
or more Peltier device 5a has accomplished this thermostat module 5 with the gestalt put by the board members 5b and 5c (the 
1st substrate, the 2nd substrate) of a high temperature conductor (for example, nitriding aluminum). In this example, the 
above-mentioned board member 5b is fixed on bottom wall side 4a among the above-mentioned packages 4, the thermolysis 
side of Peltier device 5a is installed in this board member 5b with solder, and the above-mentioned board member 5c is being 
fixed to the endothermic side of this Peltier device 5a with solder. 

[0004] According to the sense of the current which pours such a thermostat module 5 to the above-mentioned Peltier device 
5a, exoergic actuation (heating actuation) and endothermic actuation (cooling actuation) change, and the calorific value and 
amount of endothermics change according to the amount of energization current of Peltier device 5a. 
[0005] Fixed installation of the substrate 6 which is the attaching member of components is carried out at the such thermostat 
module 5 bottom (that is, on board member 5c) with solder (for example, InPbAg eutectic solder (melting point of 148 
degrees C)). The supporter material 7 and 8 and a lens 9 are being fixed to this substrate 6 bottom. While the 
above-mentioned semiconductor laser element 2 is arranged at the above-mentioned supporter material 7, the thermistor 10 
for detecting the temperature of the semiconductor laser element 2 is formed. The photodiode 1 1 for monitors which 
supervises the luminescence condition of the above-mentioned semiconductor laser element 2 is arranged in the 
above-mentioned supporter material 8. Generally as the above-mentioned semiconductor laser element 2, the thing of the 
wavelength range of the excitation light of optical fiber amplifier, such as a thing of the signal light wave length band of 
13 lOnm band and 1550nm band, 1480nm band, and 980nm band, is used, for example. 

[0006] Through tube 4c is formed in side wall 4b of a package 4, and fitting wearing of the optical fiber supporter material 12 
is carried out at this through tube 4c. This optical fiber supporter material 12 has insertion hole 12a, and the edge side of an 
optical fiber 3 is introduced into the interior of the above-mentioned insertion hole 12a from the exterior of a package 4. 
Moreover, the lens 14 is arranged in the interior of insertion hole 12a through the tip and gap of the above-mentioned optical 
fiber 3. 

[0007] As shown in the above-mentioned package 4 at drawing 6 (b), towards the two or more (at example shown in drawing 
6 (b), it is 14) exterior, the lead pin 16 projects and is formed. Moreover, the flow means 17, such as a conductor pattern for 
making the above-mentioned lead pin 16 make flow connection of the above-mentioned semiconductor laser element 2, the 
thermostat module 5, a thermistor 10, and the photodiode 1 1 and lead wire, are formed in the interior of a package 4. The 
drive control means for a semiconductor laser module drive (not shown) can be made to make flow connection of the 
above-mentioned semiconductor laser element 2, the thermostat module 5, a thermistor 10, and the photodiode 1 1 by these 
flow means 17 and the lead pin 16, respectively. 

[0008] In the example shown in drawing 6 (b), the above-mentioned semiconductor laser element 2 specifically by the 
above-mentioned flow means 17 and the lead pin 16 (16g, 16h) The thermostat module 5 moreover, by the above-mentioned 
flow means 17 and the lead pin 16 (16a, 16f) furthermore, the thermistor 10 » the flow means 17 and the lead pin 16 (16b, 
16e) -- moreover, flow connection of the above-mentioned photodiode 1 1 is made at the above-mentioned drive control 
means, respectively by the flow means 17 and the lead pin 16 (16c, 16d). 

[0009] The semiconductor laser module 1 shown in drawing 6 is constituted as mentioned above. If flow connection of such a 
semiconductor laser module 1 is made at the above-mentioned drive control means and current is supplied to the 
semiconductor laser element 2 of the semiconductor laser module 1 from the above-mentioned drive control means, a laser 
beam will be emitted from the semiconductor laser element 2. It is condensed by the optical system for association which 
consists of the above-mentioned lenses 9 and 14, and incidence of this emitted laser beam is carried out to an optical fiber 3, it 
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spreads the inside of an optical fiber 3, and a desired use is presented with it. 

[0010] By the way, the reinforcement and wavelength of a laser beam which are emitted from the above-mentioned 
semiconductor laser element 2 are changed according to the temperature of semiconductor laser element 2 the very thing. For 
this reason, that the reinforcement and wavelength of the above-mentioned laser beam should be controlled uniformly, based 
on the output value outputted from the above-mentioned thermistor 10, the above-mentioned drive control means controls the 
sense and the amount of energization of energization current of the thermostat module 5, and is controlling heating actuation 
or cooling actuation of the thermostat module 5 so that the temperature of the semiconductor laser element 2 becomes fixed. 
The semiconductor laser element 2 is maintained at an almost fixed temperature by the temperature control by this thermostat 
module 5, and can make regularity the reinforcement and wavelength of a laser beam by which outgoing radiation is carried 
out from the semiconductor laser element 2 by it. 
[0011] 

[Problem(s) to be Solved by the Invention] However, the abnormality situation where the overcurrent of the heating direction 
which carries out heating actuation energizes the thermostat module 5 to the thermostat module 5 according to a failure, 
overvoltage generating, etc. for example, may occur. In this case, the components of the semiconductor laser element 2 and 
substrate 6 with which the thermostat module 5 carries out heating at high temperature unusually, and is arranged on the 
thermostat module 5, and lens 9 grade are heated rapidly (rapidly [ as / For example, / the directions temperature of a 
thermistor 10 rises at 200 degrees C or more in 10 seconds ]). 

[0012] By the way, when board member 5c of the above-mentioned thermostat module 5 is thermally connected to the side 
wall and the optical fiber supporter material 12 of a package 4, a part of heat emitted from the above-mentioned thermostat 
module 5 is emitted outside through the side wall and the optical fiber supporter material 12 of the above-mentioned package 
4. For this reason, when the thermostat module 5 carries out heating at high temperature unusually as mentioned above, a part 
of that hot heat will radiate heat outside through the optical fiber supporter material 12 from the above-mentioned thermostat 
module 5, the quantity of heat by which heat transfer is carried out to the components on the thermostat module 5 of the 
semiconductor laser element 2 or lens 9 grade is controlled, and the temperature rise of the components on the 
above-mentioned thermostat module 5 can be eased. 

[0013] However, in the example shown in drawing 6 , the components on the thermostat module 5, and the side wall and the 
optical fiber supporter material 12 of the above-mentioned package 4 are in the condition which became independent 
thermally. For this reason, most things for which the heat of the components on the thermostat module 5 radiates heat to the 
exterior of a package 4 through the side wall and the optical fiber supporter material 12 of a package 4 cannot be found. In 
such a case, when the abnormality heating at high temperature of the above-mentioned thermostat module 5 occurs, heat 
transfer of the hot heat of the thermostat module 5 will be carried out to the components on the thermostat module 5, and it 
will be accumulated in them. For this reason, it will become remarkable, and becomes easy to generate the situation as shown 
below, and the temperature rise of the components on the thermostat module 5 is a problem. 

[0014] For example, when the temperature of the semiconductor laser element 2 rises to an elevated temperature by the 
heating at high temperature of the thermostat module 5 which originated in overcurrent energization of the heating direction 
like the above, the defect inside the crystal of the semiconductor laser element 2 grows, and the problem that the property of 
the semiconductor laser element 2 will deteriorate sharply arises. 

[0015] Moreover, the substrate 6 is being fixed to board member 5c of the thermostat module 5 with solder (thermofusion 
connection material), such as for example, InPbAg eutectic solder (melting point of 148 degrees C), as mentioned above. For 
this reason, when the thermostat module 5 carries out heating at high temperature unusually like the above, the 
above-mentioned solder may fuse and a location gap of a substrate 6 may arise. The problem that a gap (alignment gap) of the 
optical coupling from which the semiconductor laser element 2 and a lens 9 shift [ location / of normal ], and the 
semiconductor laser element 2 and a lens 9 shift to an optical fiber 3 by location gap of this substrate 6 will arise arises. If it 
originates in a location gap of the above-mentioned substrate 6 and the semiconductor laser element 2 causes an angle gap to 
an optical fiber 3 especially, an optical output will decline sharply so that it may, for example, say that an optical output will 
decline no less than 95% by 0.2-degree angle gap. 

[0016] Furthermore, adhesion immobilization of the above-mentioned glass lens 9 may be carried out at a metal holder using 
low melting glass, this metal holder with a lens may be fixed to the above-mentioned substrate 6, and a lens 9 may be attached 
in a substrate 6. In this case, as mentioned above, when the thermostat module 5 carries out abnormality heating rapidly, a 
crack will occur in a part for the joint of the above-mentioned lens 9 and a metal holder (low melting glass) according to a 
difference with a big coefficient of thermal expansion of glass and a metal. By this crack initiation, a lens 9 separates from the 
above-mentioned metal holder, and the problem that the optical coupling of the semiconductor laser element 2 and an optical 
fiber 3 will be spoiled arises. 

[0017] Furthermore, as mentioned above, since it is combined using solder, Peltier device 5a and the board members 5b and 
5c have a possibility that the above-mentioned solder may fuse, for example, it may carry out that Peltier device 5a separates 
etc., and thermostat module 5 the very thing may be damaged with abnormality heating of the above-mentioned thermostat 
module 5. 

[0018] Accomplishing this invention in order to solve the above-mentioned technical problem, the purpose prevents 
overcurrent energization of the heating direction to a thermostat module, and is to offer the drive method of the semiconductor 
laser module which can avoid problem generating resulting from the overcurrent energization, and a semiconductor laser 
module. 
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[0019] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is taken as a means to solve 
said technical problem with a configuration shown below. Namely, a semiconductor laser module of the 1st invention In a 
semiconductor laser module which has a semiconductor laser element, a thermostat module which adjusts temperature of this 
semiconductor laser element, and an optical fiber optically combined with a laser beam by which outgoing radiation was 
carried out from the above-mentioned semiconductor laser element The above-mentioned thermostat module is accomplished 
with a configuration which carries out adjustable setting of the temperature of a semiconductor laser element according to the 
amount of current energized to this thermostat module, and is made into a means to solve said technical problem with a 
configuration which established an overcurrent limit means to control that an overcurrent flows to the above-mentioned 
thermostat module. 

[0020] A semiconductor-laser module of the 2nd invention is equipped with a configuration of invention of the above 1st, a 
thermostat module accomplishes with a configuration of changing heating actuation and cooling actuation according to sense 
of energization current, and it constitutes as a feature that an overcurrent limit means is established on a current path pass 
current of the heating direction which carries out heating actuation of the above-mentioned thermostat module to a thermostat 
module. 

[0021] A semiconductor laser module of the 3rd invention is equipped with a configuration of invention of the above 2nd. 
While a bypass path which bypasses and short-circuits a thermostat module is prepared in the upstream and the downstream 
of a thermostat module at a current path which passes current of the heating direction to a thermostat module and a resistor is 
interposed in this bypass path Diode which made the direction of current of heating the forward direction is formed in the 
above-mentioned resistor and a serial. The above-mentioned bypass path, a resistor, and diode It constitutes as a feature 
having accomplished that make a thermostat module and a bypass path carry out splitting energization of the current of the 
heating direction, and an overcurrent of the heating direction energizes to a thermostat module with an overcurrent limit 
means to ease. 

[0022] A semiconductor laser module of the 4th invention is equipped with a configuration of the above 1st, the 2nd, or the 
3rd invention. A thermostat module puts a Peltier device with the 1st substrate and 2nd substrate, and is constituted. A 
semiconductor laser element is arranged and it connects with a thermostat module thermally at any of the 1st substrate of the 
above, and the 2nd substrate, or one side. Moreover, it has a lens for condensing a laser beam by which outgoing radiation 
was carried out from a semiconductor laser element, and introducing into an optical fiber. It constitutes as a feature having 
accomplished this lens with a configuration thermally connected with a substrate of a side which arranges a semiconductor 
laser element of a thermostat module through a thermofusion connection material which is fixing an attaching member of this 
lens. 

[0023] A semiconductor laser module of the 5th invention is equipped with a configuration of the above 1st, the 2nd, or the 
3rd invention, and it constitutes as a feature that an optical fiber is an optical fiber with a lens with which a lens which 
condenses a laser beam by which outgoing radiation was carried out from a semiconductor laser element is formed in an edge 
as for which a laser beam carries out incidence. 

[0024] A semiconductor laser module of the 6th invention is equipped with a configuration of any one invention of the above 
1st - the 5th invention. A thermostat module puts a Peltier device with the 1st substrate and 2nd substrate, and is constituted. 
It has a configuration which a semiconductor laser element is arranged and is thermally connected with a thermostat module at 
any of the 1st substrate of the above, and the 2nd substrate, or one side. Hold arrangement of the above-mentioned 
semiconductor laser element and the thermostat module is carried out into a package. A through tube which leads outside 
from the interior of this package is prepared in the above-mentioned package. Fitting wearing of the optical fiber supporter 
material which changes from a thermally conductive material to this through tube is carried out. An edge side of an optical 
fiber is introduced into the interior from the exterior of a package through an insertion hole prepared in this optical fiber 
supporter material. A substrate of a side which has arranged a semiconductor laser element of a thermostat module becomes 
independent of the above-mentioned optical fiber supporter material thermally. That emission of heat to the exterior of a 
package is restricted through the above-mentioned optical fiber supporter material consists of substrates of a side which has 
arranged a semiconductor laser element of a thermostat module as a feature. 

[0025] A drive method of a semiconductor laser module the 7th invention In a drive method of a semiconductor laser module 
of having a semiconductor laser element, a thermostat module which adjusts temperature of this semiconductor laser element, 
and an optical fiber optically combined with a laser beam by which outgoing radiation was carried out from the 
above-mentioned semiconductor laser element Connect the above-mentioned thermostat module to a semiconductor laser 
element thermally, and it adjusts according to the amount of current which energizes temperature of a semiconductor laser 
element to this thermostat module. It constitutes forming an overcurrent limit means in an energization path of current to a 
thermostat module, and controlling overcurrent energization to a thermostat module as a feature. 

[0026] A drive method of a semiconductor laser module the 8th invention In a drive method of a semiconductor laser module 
of having a semiconductor laser element, a thermostat module which adjusts temperature of this semiconductor laser element, 
and an optical fiber optically combined with a laser beam by which outgoing radiation was carried out from the 
above-mentioned semiconductor laser element The above-mentioned thermostat module is accomplished with a configuration 
of changing heating actuation and cooling actuation according to sense of energization current. Connect this thermostat 
module to a semiconductor laser element thermally, and a bypass path which bypasses the upstream and the downstream of a 
thermostat module and connects a thermostat module with a current path which passes current of the heating direction which 
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carries out heating actuation of the thermostat module to a thermostat module too hastily is prepared. It constitutes interposing 
a resistor in this bypass path, shunting current of the heating direction toward a thermostat module and a bypass path, and 
easing overcurrent energization of the heating direction to a thermostat module as a feature. 

[0027] In invention of the above-mentioned configuration, an overcurrent limit means controls that the overcurrent energizes 
to a thermostat module, when it originates in a failure or overvoltage generating and an overcurrent occurs. Thus, since 
overcurrent energization to a thermostat module is controlled, various problem generating resulting from overcurrent 
energization of the heating direction to a thermostat module can be prevented, for example, thereby, optical coupling and 
durable reliability of a semiconductor laser module can be boiled markedly, and can be raised. 
[0028] 

[Embodiment of the Invention] Below, the example of an operation gestalt concerning this invention is explained based on a 
drawing. 

[0029] In the 1st example of an operation gestalt, the example of electric wiring of a characteristic semiconductor laser 
module is shown in drawing 1 . It being characteristic in this 1st example of an operation gestalt is having formed the 
overcurrent limiting circuit 20 which is an overcurrent limit means (reverse current limit means), as shown in drawing 1 . The 
other configuration is the same as that of the semiconductor laser module shown in said drawing 6 , in explanation of this 1st 
example of an operation gestalt, the same sign is given to the same component as the semiconductor laser module shown in 
above-mentioned drawing 6 , and that duplication explanation is omitted. 

[0030] The overcurrent limiting circuit 20 although the thermostat module 5 is assumed to perform only cooling actuation in 
many cases, as the semiconductor laser module 1 used under the environment beyond ordinary temperature in many cases, 
and shown below in this 1st example of an operation gestalt in consideration of the case where the thermostat module 5 
performs not only cooling actuation but heating actuation is established in the interior of a package 4. 
[0031] That is, the overcurrent limiting circuit 20 has the bypass path 21, a resistor 22, and diode 23, and consists of this 1st 
example of an operation gestalt. 

[0032] In drawing 1 , the end side of the above-mentioned bypass path 2 1 is connected to the point X by the side of lead pin 
16a rather than the thermostat module 5, and the other end side of the bypass path 21 is connected to the point Y by the side 
of lead pin 16f rather than the thermostat module 5. 

[0033] When current energizes in the direction which the thermostat module 5 performs heating actuation, and goes to lead 
pin 16f from lead pin 16a on the contrary when current energizes in the direction which goes to lead pin 16a from lead pin 
16f, it consists of this 1st example of an operation gestalt so that the thermostat module 5 may perform cooling actuation. If it 
puts in another way from this, the above-mentioned bypass path 21 would bypass Upstream Y and Downstream X of the 
thermostat module 5 in the current path of the heating direction to the thermostat module 5, and will have short-circuited the 
thermostat module 5. 

[0034] While a resistor 22 is interposed in this bypass path 21, the diode 23 which made the forward direction the direction of 
current of heating which carries out heating actuation of the thermostat module 5 is formed in the above-mentioned resistor 22 
and the serial. 

[0035] The semiconductor laser module 1 shown in this 1st example of an operation gestalt is constituted as mentioned above. 
Below, the example of circuit actuation of the above-mentioned overcurrent limiting circuit 20 is explained briefly. For 
example, flow connection of the above-mentioned semiconductor laser module 1 is made at the drive control means for a 
semiconductor laser module drive using the lead pin 16. When the current of the direction which goes to lead pin 16f from 
lead pin 16a by the above-mentioned drive control means, i.e., the current of the cooling direction which carries out cooling 
actuation of the thermostat module 5, is energizing in this condition, the diode 23 of the above-mentioned overcurrent limiting 
circuit 20 will be in a flow OFF state. Thereby, the current of the above-mentioned cooling direction flows into the thermostat 
module 5 altogether, without energizing in the bypass path 21. 

[0036] Moreover, when the current of the direction which goes to lead pin 16a from lead pin 16f (reverse current), i.e., the 
current of the heating direction which carries out heating actuation of the thermostat module 5, is energizing on the contrary, 
the above-mentioned diode 23 will be in a flow ON state. Thereby, according to the ratio of the resistance which the 
thermostat module 5 has, and the resistance of a resistor 22, the current of the above-mentioned heating direction is shunted 
toward the thermostat module 5 and the bypass path 21, and is energized. 

[0037] When the overcurrent of the heating direction occurs, like the above, the overcurrent is shunted toward the thermostat 
module 5 and the bypass path 21, and flows. Thereby, compared with the case where all the above-mentioned overcurrents 
energize to the thermostat module 5, the overcurrent energization to the thermostat module 5 can be eased. In addition, the 
resistance of the above-mentioned resistor 22 is suitably set up according to specification. 

[0038] In this 1st example of an operation gestalt, as described above, the substrate (board member (here board member 5c)) 
of the side which arranges the semiconductor laser element of the thermostat module 5 has been independent of the side wall 
of a package 4, or the optical fiber supporter material 12 thermally. For this reason, when the overcurrent of the heating 
direction energizes to the thermostat module 5, it is easy to generate various problems to which the heat of the heating at high 
temperature of the thermostat module 5 resulting from that overcurrent energization did not radiate heat to the exterior of a 
package 4 through the side wall or the optical fiber supporter material 12 of a package 4, but accumulation was carried out to 
the components on the thermostat module 5, and it originated in overcurrent energization of the heating direction. 
[0039] On the other hand, in this 1st example of an operation gestalt, the overcurrent limiting circuit 20 is formed, and since it 
considered as the configuration which eases overcurrent energization of the heating direction to the thermostat module 5 by 
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this overcurrent limiting circuit 20, various problems resulting from overcurrent energization of the heating direction to the 
thermostat module 5 are avoidable. 

[0040] That is, abnormality heating of the thermostat module 5 resulting from overcurrent energization of the heating 
direction can be controlled, and, thereby, it can prevent that the semiconductor laser element 2 is heated by the elevated 
temperature. For this reason, growth of the defect inside the crystal of the semiconductor laser element 2 by heating at high 
temperature can be avoided, and property deterioration of the semiconductor laser element 2 can be prevented. 
[0041] Moreover, thermofusion connection materials, such as solder which connects the substrate 6 which are the 
semiconductor laser element 2 and the attaching member of the components of lens 9 grade, and the thermostat module 5, can 
avoid originating in the heating at high temperature of the thermostat module 5, and fusing, and, thereby, can prevent a 
location gap of a substrate 6. The location gap of the semiconductor laser element 2 and a lens 9 to an optical fiber 3 can be 
avoided by this, generating of an optical coupling gap of an optical fiber 3 and the semiconductor laser element 2 can be 
controlled, and an optical output fall can be prevented. 

[0042] Furthermore, the crack initiation for a bond part of the lens 9 and metal holder resulting from the rapid temperature 
rise of the thermostat module 5 can be controlled. The lens 9 blank resulting from crack initiation can be prevented by this, 
and situation generating that the optical coupling of the semiconductor laser element 2 and an optical fiber 3 will be spoiled 
can be avoided. 

[0043] Furthermore, since solder melting between Peltier device 5a, board member 5b, and 5c can also be prevented, failure 
of thermostat module 5 the very thing is also avoidable. 

[0044] As mentioned above, various problems resulting from overcurrent energization of the heating direction to the 
thermostat module 5 can be prevented by forming the characteristic overcurrent limiting circuit 20 in this 1st example of an 
operation gestalt. by this, the optical coupling and the durable reliability of the semiconductor laser module 1 can be boiled 
markedly, and can be raised. 

[0045] Below, the 2nd example of an operation gestalt is explained. The characteristic thing which this 2nd example of an 
operation gestalt differs from said 1st example of an operation gestalt is having formed the capacitor 25 for surge current 
energization in juxtaposition at the thermostat module 5, as shown in drawing 2 . The other configuration is the same as that 
of said 1st example of an operation gestalt, in explanation of this 2nd example of an operation gestalt, the same sign is given 
to the same component as said 1st example of an operation gestalt, and that duplication explanation is omitted. 
[0046] In this 2nd example of an operation gestalt, since the capacitor 25 was formed in juxtaposition at the thermostat 
module 5, when the surge current which is a momentary high current occurs as mentioned above, that surge current energizes 
to the above-mentioned capacitor 25, and does not energize to the thermostat module 5. Thereby, failure of the thermostat 
module 5 resulting from surge current energization can be prevented. 

[0047] That is, frequency of surge current is high, and as for a capacitor, the impedance becomes small, so that frequency 
becomes high. For this reason, even if the above-mentioned surge current occurs and it is going to energize to the thermostat 
module 5, most of those surge current will flow to the above-mentioned capacitor 25. It can control by this that surge current 
energizes' to the thermostat module 5, and the failure problem of the thermostat module 5 resulting from surge current 
energization can be prevented. Moreover, although there is a possibility that various problems which the components on the 
thermostat module 5 carry out [ problems ] a temperature rise momentarily, and were mentioned above may arise when the 
surge current of the heating direction energizes to the thermostat module 5 In this 2nd example of an operation gestalt, as 
mentioned above, by the capacitor 25, since the surge current energization to the thermostat module 5 is controlled A problem 
with various a property deterioration problem of the semiconductor laser element 2 and an optical coupling gap problem of 
the semiconductor laser element 2 and an optical fiber 3 which were described above, problems resulting from lens 9 blank by 
which optical coupling is spoiled can be prevented. 

[0048] According to this 2nd example of an operation gestalt, like said 1st example of an operation gestalt, since the 
overcurrent limiting circuit 20 is formed, like said 1st example of an operation gestalt, overcurrent energization of the heating 
direction to the thermostat module 5 can be controlled, and various problems resulting from overcurrent energization of the 
heating direction can be prevented by the above-mentioned overcurrent limiting circuit 20. Moreover, as mentioned above, 
since the capacitor 25 was formed in juxtaposition at the thermostat module 5, problem generating resulting from surge 
current energization can also be prevented by this capacitor 25. 

[0049] In addition, this invention is not limited to each above-mentioned example of an operation gestalt, and can take the 
gestalt of various operations. For example, in each above-mentioned example of an operation gestalt, it assumed that the 
thermostat module 5 performed not only cooling actuation but heating actuation also in consideration of the semiconductor 
laser module 1 being used not only the bottom of the environment beyond ordinary temperature but under low-temperature 
environment lower than ordinary temperature. From this, in order to make the thermostat module 5 energize the current of the 
heating direction, the resistor 22 was interposed in the bypass path 21. However, when it, for example, only assumes that the 
semiconductor laser module 1 is used under the environment beyond ordinary temperature, that is, the thermostat module 5 is 
assumed to perform only cooling actuation, it is not necessary to form the above-mentioned resistor 22. 
[0050] in this case, the current of the heating direction - mostly, all will energize the bypass path 21 and will not energize 
almost to the thermostat module 5. By this, it can prevent certainly that the overcurrent of the heating direction energizes to 
the thermostat module 5. Thereby, various problem generating which was carried out to the reason and which was described 
above can be avoided much more certainly to overcurrent energization of the heating direction to the thermostat module 5. 
[0051] Moreover, since it is not necessary to make the thermostat module 5 energize the current of the heating direction when 
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the thermostat module 5 is assumed to perform only cooling actuation like the above, the diode which made the direction of 
current of cooling the forward direction may be formed in the thermostat module 5 at a serial, without forming the 
above-mentioned bypass path 21. That is, it is good also as a configuration which prevents all current energization of the 
heating direction to the thermostat module 5 with diode. 

[0052] Moreover, although the above-mentioned overcurrent limiting circuit 20 is formed in the package 4 and the example of 
a semiconductor laser module with an overcurrent limit function was shown in each above-mentioned example of an operation 
gestalt As shown in drawing 3 , for example, between the semiconductor laser module 1 with the same configuration as usual, 
and the drive control means for semiconductor laser modules The overcurrent limiting circuit 20 which consists of the bypass 
path 2 1 and a resistor 22 which are surrounded by the dotted line of drawing 3 , and diode 23 is formed, and you may make it 
drive a semiconductor laser module. Furthermore, as it indicates similarly that it was shown in the example of an operation 
gestalt of the above 2nd by the same capacitor 25 to the chain line of drawing 3 , you may prepare out of the semiconductor 
laser module 1 . The same function as the overcurrent limiting circuit 20 established in the exterior of the semiconductor laser 
module 1 shown in above-mentioned drawing 3 , the overcurrent limiting circuit 20 which showed the capacitor 25 to each 
above-mentioned example of an operation gestalt, and a capacitor 25 can be achieved, and the same effect as each 
above-mentioned example of an operation gestalt can be done so. 

[0053] Furthermore, in each above-mentioned example of an operation gestalt, as shown in drawing 6 (a), the optical system 
for association was formed using the lenses 9 and 14 with a separate optical fiber 3, but as shown in drawing 4 , the optical 
system for association may be formed using the optical fiber 3 with a lens, without using the above-mentioned lenses 9 and 
14. In the above-mentioned optical fiber 3 with a lens, it is the optical fiber equipped with lens 3a which condenses the laser 
beam by which outgoing radiation was carried out from the semiconductor laser element 2. 

[0054] The above-mentioned optical fiber 3 with a lens is built into the semiconductor laser module 1 as shown below. For 
example, as shown in drawing 4 , a holddown member (for example, product made from stainless steel) 27 is attached in a 
substrate 6, and the optical fiber supporter material 28 is being fixed to this holddown member 27 by YAG laser welding etc. 
Moreover, the optical fiber supporter material 29 carries out fitting wearing at through tube 4c formed in the package 4, and it 
is fixed with the cementing materials 30, such as PbSn solder. The insertion hole is prepared in the above-mentioned optical 
fiber supporter material 28 and 29, respectively, an optical fiber 3 is introduced into the interior from the exterior of a 
package 4 through these insertion hole, and the tip and the semiconductor laser element 2 of this optical fiber 3 are arranged 
through the proper gap which optical coupling accomplishes. Configurations other than the above are the same as the 
configuration shown in said drawing 6 (a), and the duplication explanation is omitted here. 

[0055] The above-mentioned optical fiber supporter material 28 and 29 is constituted by thermally conductive materials, such 
as for example, a Fe-nickel-Co alloy. With the configuration shown in drawing 4 , the near substrate (that is, board member 
5c) with which the semiconductor laser element 2 in the thermostat module 5 is arranged is strictly connected to the optical 
fiber supporter material 29 thermally through the optical fiber 3. However, since an optical fiber 3 is the narrow diameter of 
about 125 micrometers, its quantity of heat by which heat transfer is carried out to the optical fiber supporter material 29 
through an optical fiber 3 from board member 5 c of the thermostat module 5 is very few. 

[0056] Thereby, if board member 5c of the thermostat module 5 has been independent of the above-mentioned optical fiber 
supporter material 29 thermally, it is the same. That is, with the configuration shown in this drawing 4 , it is the configuration 
that emission of the heat to the exterior of a package 4 is restricted through the above-mentioned optical fiber supporter 
material 29 from board member 5c of the thermostat module 5. With such a configuration, as described above, when it 
originates in the overcurrent energization to the thermostat module 5 and the thermostat module 5 carries out heating at high 
temperature unusually, the hot heat is accumulated in the components on the thermostat module 5, and various problems arise. 
On the other hand, by having the configuration which controls the overcurrent energization to the thermostat module 5 as 
shown in each above-mentioned example of an operation gestalt, the problem resulting from the overcurrent energization to 
the above-mentioned thermostat module 5 can be prevented, and it is very effective. 

[0057] Furthermore, it is good also as a configuration as shown in drawing 5 as an application of this invention. The example 
shown in this drawing 5 can avoid problem generating which originated in the overvoltage impression to the thermostat 
module 5 for what is not current control and carries out armature-voltage control of the thermostat module 5. That is, in 
drawing 5 , the overvoltage limit means 3 1 is formed in the thermostat module 5 at the serial. The above-mentioned 
overvoltage limit means 3 1 is constituted by the parallel connection object of the diode 32 which made the energization 
direction of the cooling direction the forward direction, and a resistor 33. 

[0058] With the configuration shown in drawing 5 , while the voltage of the cooling direction is being impressed by the 
thermostat module 5, diode 32 is a flow ON state and current flows to diode 32 altogether mostly, without hardly flowing to 
the above-mentioned resistor 33. This impresses mostly altogether the voltage impressed in lead pin 16a and 16f to the 
thermostat module 5. 

[0059] On the other hand, since diode 32 will be in a flow OFF state and current is energized to a resistor 33 while the voltage 
of the heating direction is being impressed by the thermostat module 5, the voltage impressed in lead pin 16a and 16f will be 
pressured partially and impressed to the thermostat module 5 and a resistor 33. From this, when an overvoltage occurs in lead 
pin 16a and 16f, the overvoltage will be pressured partially and impressed to the thermostat module 5 and a resistor 33. For 
this reason,^eWeHb1!^e^m^ression to the thermostat module 5 can be eased, and the problem reciting from the 
overvoltage impression to the thermostat module 5 can be prevented&lMff^^ 
^iMt imeansiaslghg wmn* each above-mentioned example of an operation gestalt may be established. 
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[0060] 

[Effect of the Invention] According to the drive method of the semiconductor laser module of this invention, and a 
semiconductor laser module, the overcurrent limit means was formed in the interior or the exterior of a semiconductor laser 
module, and it considered as the configuration which controls the overcurrent energization to a thermostat module with this 
overcurrent limit means. By having this configuration, problem generating resulting from the overcurrent energization to a 
thermostat module is avoidable. 

[0061] If it is in some which established the overcurrent limit means on the current path which passes the current of the 
heating direction which carries out heating actuation of the thermostat module to a thermostat module, the overcurrent of the 
heating direction to a thermostat module can be controlled with the overcurrent limit means. If the overcurrent of the heating 
direction energizes to a thermostat module, a thermostat module will carry out heating at high temperature unusually, and 
various problems will be generated. On the other hand, various problems resulting from overcurrent energization of the 
heating direction to a thermostat module can be prevented like the above by considering as the configuration which 
establishes an overcurrent limit means and controls the overcurrent of the heating direction. That is, an optical coupling loss 
problem, a failure problem of a thermostat module, etc. by the property deterioration problem of a semiconductor laser 
element, the problem of an optical coupling gap, and lens blank resulting from abnormality heating of a thermostat module 
can be prevented. 

[0062] If it is in some from which an overcurrent limit means has a bypass path, a resistor, and diode and which it consists of, 
it is an easy configuration and the overcurrent energization to a thermostat module can be controlled. 
[0063] The near substrate with which the semiconductor laser element of a thermostat module is arranged becomes 
independent of optical fiber supporter material thermally. If it is in some to which emission of the heat to the exterior of a 
package is restricted through the above-mentioned optical fiber supporter material from the substrate of the above-mentioned 
thermostat module When overcurrent energization of the heating direction to a thermostat module occurs, heat transfer of the 
hot heat emitted from the thermostat module is carried out to components, such as a semiconductor laser element which 
almost all heat has connected to a thermostat module thermally, without radiating heat to the exterior of a package, and it is 
accumulated in them. There is a possibility of causing the rapid temperature rise of the component and causing various serious 
situations, forming a characteristic overcurrent limit means in the thing of such a configuration in this invention - overcurrent 
energization of the heating direction to the above-mentioned thermostat module - it can control - thereby ~ the above - 
serious situation generating can be prevented and it is very effective. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor-laser module characterized by to establish an overcurrent limit means control that 
accomplish with the configuration which carries out the adjustable setting of the temperature of a semiconductor-laser element 
according to the amount of current which energizes the above-mentioned thermostat module to this thermostat module in the 
semiconductor-laser module which has a semiconductor-laser element, a thermostat module which adjusts temperature of this 
semiconductor-laser element, and an optical fiber optically combined with a laser beam by which outgoing radiation was 
carried out from the above-mentioned semiconductor-laser element, and an overcurrent flows to the above-mentioned 
thermostat module. 

[Claim 2] It is the semiconductor laser module according to claim 1 which accomplishes a thermostat module with a 
configuration of changing heating actuation and cooling actuation according to sense of energization current, and is 
characterized by establishing an overcurrent limit means on a current path which passes current of the heating direction which 
carries out heating actuation of the above-mentioned thermostat module to a thermostat module. 

[Claim 3] While a bypass path which bypasses and short-circuits a thermostat module is prepared in the upstream and the 
downstream of a thermostat module at a current path which passes current of the heating direction to a thermostat module and 
a resistor is interposed in this bypass path Diode which made the direction of current of heating the forward direction is 
formed in the above-mentioned resistor and a serial. The above-mentioned bypass path, a resistor, and diode A semiconductor 
laser module according to claim 2 characterized by having accomplished that make a thermostat module and a bypass path 
carry out splitting energization of the current of the heating direction, and an overcurrent of the heating direction energizes to 
a thermostat module with an overcurrent limit means to ease. 

[Claim 4] A thermostat module puts a Peltier device with the 1st substrate and 2nd substrate, and is constituted. A 
semiconductor laser element is arranged and it connects with a thermostat module thermally at any of the 1st substrate of the 
above, and the 2nd substrate, or one side. Moreover, it has a lens for condensing a laser beam by which outgoing radiation 
was carried out from a semiconductor laser element, and introducing into an optical fiber. This lens is a semiconductor laser 
module according to claim 1, 2, or 3 characterized by having accomplished with a configuration thermally connected with a 
substrate of a side which arranges a semiconductor laser element of a thermostat module through a thermofusion connection 
material which is fixing an attaching member of this lens. 

[Claim 5] An optical fiber is a semiconductor laser module according to claim 1, 2, or 3 characterized by being the optical 
fiber with a lens with which a lens which condenses a laser beam by which outgoing radiation was carried out from a 
semiconductor laser element is formed in an edge as for which a laser beam carries out incidence. 
[Claim 6] A thermostat module puts a Peltier device with the 1st substrate and 2nd substrate, and is constituted. It has a 
configuration which a semiconductor laser element is arranged and is thermally connected with a thermostat module at any of 
the 1st substrate of the above, and the 2nd substrate, or one side. Hold arrangement of the above-mentioned semiconductor 
laser element and the thermostat module is carried out into a package. A through tube which leads outside from the interior of 
this package is prepared in the above-mentioned package. Fitting wearing of the optical fiber supporter material which 
changes from a thermally conductive material to this through tube is carried out. An edge side of an optical fiber is introduced 
into the interior from the exterior of a package through an insertion hole prepared in this optical fiber supporter material. A 
substrate of a side which has arranged a semiconductor laser element of a thermostat module becomes independent of the 
above-mentioned optical fiber supporter material thermally. A semiconductor laser module of any one publication of claim 1 
characterized by restricting emission of heat to the exterior of a package through the above-mentioned optical fiber supporter 
material from a substrate of a side which has arranged a semiconductor laser element of a thermostat module thru/or claim 5. 
[Claim 7] A drive method of a semiconductor laser module characterized by to connect the above-mentioned thermostat 
module to a semiconductor laser element thermally, to adjust according to the amount of current which energizes temperature 
of a semiconductor laser element to this thermostat module, to form an overcurrent limit means in an energization path of 
current to a thermostat module in a drive method of a semiconductor laser module characterized by providing the following, 
and to control overcurrent energization to a thermostat module A semiconductor laser element A thermostat module which 
adjusts temperature of this semiconductor laser element An optical fiber optically combined with a laser beam by which 
outgoing radiation was carried out from the above-mentioned semiconductor laser element 

[Claim 8] In a drive method of a semiconductor laser module characterized by providing the following The above-mentioned 
thermostat module is accomplished with a configuration of changing heating actuation and cooling actuation according to 
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sense of energization current. Connect this thermostat module to a semiconductor laser element thermally, and a bypass path 
which bypasses the upstream and the downstream of a thermostat module and connects a thermostat module with a current 
path which passes current of the heating direction which carries out heating actuation of the thermostat module to a thermostat 
module too hastily is prepared. A drive method of a semiconductor laser module characterized by interposing a resistor in this 
bypass path, shunting current of the heating direction toward a thermostat module and a bypass path, and easing overcurrent 
energization of the heating direction to a thermostat module A semiconductor laser element A thermostat module which 
adjusts temperature of this semiconductor laser element An optical fiber optically combined with a laser beam by which 
outgoing radiation was carried out from the above-mentioned semiconductor laser element 
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[0 0 2 0] «2®«W©iim»ftU— if^a-M*. 

j««^a«6ja^iftffl^&*-- i E i Eya-;i'K:ift-r 

[0 0 2 1] «3CD«W©i|mi«cl/-if ! Eya-/Wi. 
=E S>a - MCSM-flBSSffiSJC It* - ^ £?a -;b©_h« 

or t TS&Mi: fe-y— ^ ya -^ssaa i,xm&? 
-tti?zL-ji£A4rtxM&\zftffi&mz-#xmmfi 

lttct>aMffi!l^*-^^a-^tCji^6CDS:»Ftrr« 
TV^S 0 

[0 0 2 2] HS4©»W©2fmi«cl/— if^^a-Mi. 
±8B»lXt*IS2XJ4»3®«WC!)«ia&<BA, "9—^ 
^ ya-^/Ji^l^-ayRT-SSf 1 (Dmfatim 2 ©S^{C 
«fc y »M5«iA/T?«iatS*U ±8B» 1 ffllKRfc ^ 2 ©a® 
©e> t>©^^-*«9(C^^ U— 0%?#S«3*iT 

•9— ^s?a-;i/fcj»Wf^sRanTfey» 
yxom y ttvmmt* mfe hx v ^ sww?: 

/TbT-9-- i E ; E^a-;i/©^fis^— 9^-?S:S2gbT 
[0 0 2 3] fg5©aW©2m»ftl/— y^^a-^i, 

±ian 1 x\m 2 3 ®awcD«ias:4ii^ r 



(5) 



[ o o 2 4 ] m 6 <mmv>¥m& i/— if* ^a-;M*, 

±IB3S 1 5 ffl$»8©fa*ifr 1 otf)$Sl£©$l$£fii 

2 o^ic j: y$#&A,-c«ca*u -hgaiii i amfot 
m 2 cm*® e» tsc^i^-Mc^fr u— y-?fi-?-# 

63® a ti/c-y— 2>'a -;i/i:&$fycg$sSa *vt ^SfiS 
ritfefll^L ±iaWfcv-->m-?-i:-y-- ^ya-Mi 

MSfe* v 4— ^rtSfrk^HC&CSMfttflStt £> 10 

<m%w e> FWcsgAa tvt fey, -y— ^ a 

[ 0 0 2 5 ] Hi 7 ©^©^ft I/— tf*E ^a -;KZ)Sg 20 

«*sa*, yist^ r<z)^«iu— y^ 

77-<;tt V— S>'a -^ODlElft*^ 

a-;wcii«-rsmsg*(cfE;i;TiiMu -y— ^^a 
-ji^&mitDimm&MmmmME&mzm-txy- 

[0026] £1 8 ©I^O^ffc b— If *E S?a - /W0« 

7 r -Y /t £ s^ft b— 9* S>*a -;i/tf>S8I&#?£ 
icfewt, ±13^— ^i>a-;Hd^@ttiiB<Z)|6j£K:jS 

^*ya-/wcamiB^fc»W-^5>a-^ 40 

ilBStc^LT-y— ^a-^oMfc&faroigffiSit 

[0027] ±t5ffi}m>muz&^x. mm&im^B. 
mz. ^ammnty-- =E=Ei;a-;Kiits0&ji|i 

Wt 3.CD«fce>lC; •y-- ; E ; E^a-;i//v««^milfl 

#8JMan-&cz>T\ wttf. -y— ^^^a-;!/^©^ 50 
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3i:tfT*££o ZL*UC«fcy, ijizgftb— y*s;n.-;UD 
[00 2 8] 

[0029] 01 1 ©sate^»wtcfev\TW»tt 

fc^ft i/— ya. -;i/co®^;sWJ^a *vc v n 
3<z>S5lo|g^J»Wtcfev^T4f8W5iaii:»i. 13 

1 tc^-rj:^^ mammm. mm&i^m x 
(Dffimimmm 6 izm u^^tt u— y^ s?a -;b t 

t£T*&y, i©»lffl*j©gJBWcDBWi-et*, ±B2EI6 
lc^Lfe4^^^--y t: E^a-;i/i:iMl-#^|$^cttlil 

[0 0 3 0] i|£«M*:u— if*es;a.-;bi li^aeU:«)S8 

>femxt£.<. MfmttzbfioWfSz^j&hx. mz 
j5vr«fc o ttim&imm$& 2 0 ^- ^4 ©i^sptc 

[0 0 3 1] ^©^10|g66^ffiMT'^ it 

«SSS!1I5BI11SS2 0 \3JUrt7>iB&2 1 fcffi»tf#t2 2 
■Or- K2 3 S^LTTflteaatitv^. 

[0 0 3 2] EIlfCfe^T, ±E/W^ag&2 1®— 
SBWtt-U— 'E^ya-^ 5 «fc U U — Kt°> 1 6 afffl 

x.-)\s 5 J: y % U - Kbf > 1 6 f fflJO^Y {Cgg^a tlT 

[0033] z:<z)Hi(Z>!es&£lWt'i£ u-K^>i 

6 f 7^e> U - 1 6 a C|fi3j&^#ffllC«a&WiML 
fc«^JC-y— ^'E £?a 5 *<llg|WM^&fTV \ . * fc, 
fi^fC U - Ktf> 1 6 a & U - 1 6 f ICf&I^ 

5 ^©^^^©msiis&icfetts-y--^^ S>'a 5 

CQ±SSffi!lY fcTSteWXS:*- ^S^a-;!/ 5 feiililLT 
[0034] Z.<D>UA7,W&2 1 {Ctt^t^fs2 2 jtffl- 

Katist^fc, -y— ^^a-^s^D^iMta-ss- 

ft8WW)«Sb&|fiil&W*l^i: U/fe^>f K 2 3 ««±TO 

^2 2 tmnizmibfrx^^o 
[0035] z.<Dm i ffl^sBKBftn'^-^NMft y* 

^E^a-;H^±iB«)J;e)tC^a^T^-2>. WTIC, 
_fcf ai^mS£$!JPSlHlB& 2 0©EI»|jftfWJS:W*K:SlW"r 
s„ ±ME^«jl/— y*es;a-;n S:U-Ktr 
>i 6^iJffiUT^«cU--y- ,; Ei>'a-;i/Sgffliffl(DSgffi& 
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SCko-C, U - KbT> 16a*»6'J- 1 6 f \Z 
fHi^«»JRSlEi5& 2 0 CD K 2 3 l*aKi* 

j§j?S2 i iciiiim-e-ftc, y—ttP^-frSiz 

[0 0 3 6] U-KtT>l 6f^&U- 

Kt^> 1 6 atC|^^*fiI<0«S(E Gffifift) , U, 10 

dttfCfcy, JJBft^fflCMBHB*. -9— 
©JtlcfStfT, -9— ^^n-;!/ 5 i:A>r AxiiK2 l 

[0 0 3 7] *D^[pJ(Z)jgm*^Lfc^C^ Jt 

[0 0 3 8] i©SSlOD*ie^fflWT»tt, IftEUfcJ:^ 
V^M<Z>S& (ffigPtt (^3T*l±«g|5M5 c) ) 

iztmz tvf* -9— ^ s?a - 5 n 

[0039] ztuzMhx. z.<mie>$$®mmx- 
«. w&tsmmz o 2 o 

[0040] o£y, ffl^ffloiMSil^K^HLfc 

fc#WC¥«H* 2 ©#t££ft«:|».it** 3 

[0 0 4 1] ULtz. ¥3£{fcU— 9*^2^1/^X9^© 
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5 wjtiRtomzl&B LT®m?2> © SEEK 1N5 i 4: 

#T*#£„ £©£fc}C«fcy, 3fc7 7-f A3 

ft I/— 9»7-2^ U>X9 <Ofi£R1*ti3WEEBanT)t7 

r>f A3 ii^^l/— 9 f ^-7-2co^^-rtico^&?P 

[0 0 4 2] §e>fC, •9"- : E ; Ei?3.-;i/5C0 < %^ag 

±#tcSaHUfei/>X9 i:^*;u^©&^0#©* 

ijijgft l/— tfsfc?- 2 h ft 7 r ^ A 3 ©3fc*g&*«fll*: 
t>ftX b * e> £ v 0*»B£S:EBiW6 ^ i: *. 
[0 0 4 3] ^;i^x^-?-5 ai:®SPM5 b, 

5 c ffl<D¥mm&*jWlt? 5 Zl i: #T'£ 5 ©T% +>— =E 

[0044] Rhco«fce)^ r.©ig i (Dmrnnmizts 
x. -9— ^ ya -;b 5 ^®tm%fa<?M!miMnizm 

«k y , ^2g{* u— l com^Pm^coim. 
itZ&mzfaJittZ zttfxi* 

[0045] jjcFic, «2®ia^nH&stni'«. 3 

2 ommmftffimm 1 o>ia^»Hhii&<&4$ 

{C^iJlC^-^'i^«^©a>-7-*>-9-2 5 

[0 0 4 6] z.<Dm2<Dmmmmx\t. ±m<D£o 

n>7 r ^2 5$:-9-- ; E ; E^a.-;U5}caf^lJlCiS;^ 

fCii, -ecO-9--^"«gfg^_bia=l>7 I >-9-2 5lC?l«bT 
*- ! E J ES?a-^/5fCl*ifi«L«!^ rWCt'J, "9— 

[0047] o*y, ^-s^ast^esaBowev^cDT 
fey, n>T r >-9-t±M?^K^<^sg-?-co-r> 

^^L/T-9--^^^-;!/ 5 iciiSU «fc •? i: pT%k 

*<Z>-9-- S?ffi*5®» W*±aBa 2 5 £S&ft& Zl 

bizmm-t&oznffli-zzttfxg, ■y—itwsmm 
\zmm Lfc-9— *j=l 5 flwBaRiaiffi&is&jh'r * r. 

il^T'^S. ^fc, -9— ^^E^-^SlcM^ln]©^ 
- yttfoWimi-* t> -9— Va. -)l 5 ±oawa*< 

**36«&S3^ 3ico^2o^^^jT*tt, _tta®<fce> 

IC, 3>7 i >-9-2 5(CJ:oT, •9-- ; E ; Ei?n.-;i/5/\C0 
•9— ^ffiSSiim^ffllll'JS^SOT', fiTtBL£:«fce>fc¥« 
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[oo4 8] zo>mz<Dmmm.m^^ti\t. wmmi 
mmfsmm 2o\z^x. -y— «i;a-^5 ^<z>m& 

*<59±> _Ltatf)J:e>lC, 3>v i >-9*2 5^-9--^ 
5 izm^&Vfcox-. y^yv 2 5 [C<j: 

[0 0 4 9] ftfe. 3©5gE5a«±l&&W^^JtcPSS 

©WSfcatSSltSfciWC, >t-f/t;*iiB&2 1{CttjBSfc 
#2 2tf/rfa£*lT^fc„ U&»U mtf. 

*^fcV*W^S*l*»&tCtt. Jii^5t^2 2$:|S 
[0 0 5 0] tm%fa®Wffii<Dlf.lZ£X 

^<Dmm^(^m^m\zmmiz ufc_tiBLfc j: e> & 

[0051] ±!BlRl^ic-tJ— *e«ES?a.-;i/5jW* 

[0 0 5 2] ±M&&m&mMX'\±, ±9E$®mt 

mwm20l l iJ*yJr- : i?4ttlzWt.tt<bftXt3V. M 

<oratM8W*®fc®i8Hc. m3<DgMxm&ftx^z>& 

$&/Urt*im2 1 ^^5t«c2 2 K2 3 i: 
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fr^-5j®mMPsn]i2&2 o sfl2»T^m»»i/— b 
3.-;izwmtz>£t>izLx%£\<\ se>ic, pii«n s 

±8B»2®Sae^BWKjKLfc4:ra«©3> , 5 : >-y-2 5 

t>, m3<D$miz7*t&t>iz. ^m^iy-^P=L-)\y 

l CD^tCKWT * <fc v \, _hS3EI 3 K^-T ¥«M* u— if *E 
^a 1 CO^iWCSW- & tlSifimHRBElil 2 0, 3 

g&2 0, 3>t-*>-9-2 5 4:|@]^aflB5:iSfcU ±B&& 

10 [0 0 5 3] $ ±IB#H«MMT*tt, EI 6 
(a) Izmt&tHZ, %774rtZ£\ttm<D\syX 
9, 1 4 £fflV*T*^ffl#^fc?»*UT^fc*<. 04 

[0 0 5 4] ilBl^Xtf^T-f A3»±. mZ7T&& 

7r-f/^asa»t2 8*«yagi/— ysffl8»tc*yHje 

A'«v^-^4lC^S4afe*ildFL4 
c tC{±^ 7 7 -i A^mm 2 9 tm&&1t UPbSn 

rJA^cmmz 8,29 tctt-tn-?ti#KfijL*<a2»& 

- 2> 4 O^P^ 6> WSPfC^AS Zl r -f A 3 CD 

6 (a) {C^-T#^i:PI^T*S>y, IIT'H 

[0 0 5 5] ±|S3 l 67T-<v'^^SlW2 8, 2 9 ttffil*. 
tf F e -N i -C o-^^CD^^'fi^Cj; y«teK3 

m^^m^\y- j m^-2imm^x^M(Dmm 

T3t7r'f-'^*aWt2 9lca«6SrtcSSttS*vTV^6. L 
3^U «77-fA 3 12 5a m@^(DifflflT'$> 
40 5fe«)lC, f-^ya-;i/5CD®M5 c^?)3t77 

[0 0 5 6] Zimcjcy, •V—ttPz.-frS&Mffit 

5 ci*±»«7T-f/tSJ#9lJW2 9 i:^?ft«>^c^4i^LTv^ 

mWi2 2*ftLX^V*-V40W^(Dmftffl&ft 

50 v-tti?^-)]/stfmi?;iz-muhmistz.mz. zom 



(8) 

13 

a©*****- -jv 5 ±a>m&>iz.wmz nx&* 

[0 0 5 7] 3 6>{c, £©»i|3©jSffi0!U: l/C, 05ic 
SH"J:"5ftflte«i:L/T*iJ:V\ £©H 5 Kj5*f«tt. -9" 
-^£/'3.-;i/5£SM3rC'te&<. «E«5(»t6*» 
©StfWMCU "9— tti?=L-)\'5^0 % MW&%ltimz$Z 10 

*y. H5£;i3vvc. -y— ^s?a-;u5»caWEE«BR 

i fcraciw-o^., ±is»i£EfMK*a3 1 

^ft3 3i:©^J8^£J:y*J*3*iTVV&. 
[0 0 5 8] 05tojVf1&£T*&, ?&SWfcI©«EWJ- 

2 v wr-& y , m&±i&&fiw* 3 3 ic i±*s 

iSfclvflc. «^T4f>f;*--K3 2fc:«&ft<&. dtuc . 

«k y, u - 16 a, 16 f RncRttn-rsaEEiis 20 
s±t-9— ws^a-^ 5 tcwftrt"*. 
[0059] zljucmut. ifflito&ia!i©«EE*<-y— =6* 
ya.-;i/5tcBaiDUTv^i:gJctt4f-f*— K3 21*$ 

u - i6a, 1 6 f raicPMn-r-sf^i**-^^ 
*>a.-;i/5i:»jfi#3 3 tje^UTm&trf -2>z:£:£& 
So £©££*»&, y-Ktr>i6a, lefntciiS 

£^{*3 3 lc#i£bTlft!/n-f z:©fc 

*, -9— ^S?a-;i/5'\©iMEI^&il8ftrr*£i: 30 

[0 0 6 0] 

[0 0 6 1] *-^*S?a-^&irtll«M^S-e*ifflBE& 

IHR^fcl!tofe%©K:*oTtt. -e®j®mi«ps*a 

Id <}: y -y- - S? a. -;i^©M&#ft©i®®SK 5: JJUMI" 
Slt^TtS. *-**ya-;WC2B9to&lflfflitt^ 
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a yw^ow- i^t w^§£-f n© 

-^©wam^fcRfot-t * r 1 **e£ *. 
[0062] mmwB&mtJU nxfflk&ffiifoz. 

#>f;r-Kfc#LT^3ftTV*<S>*i©IC&oTtt. ffi 

-9— ^^o.-;i/^©M«^I«&#»l- 

[0 0 6 3] -9— ^*ES?a-;i/©ifmW(tV— Wft?*flE 
^#atM=* &^bT A-y >r- ^©^gp/\©^©^ffi^f 

atw&%©Jc*oTt*. tf-^s?a-;w^©iP»B&ra 
©3ft«8Bt*#iB£LfcK»c, •9--^=E^^-;i/^e>lfi 
•ft fefifeWfi©*^ y <«r - y©#ffl$K:»JRS *vf KU& 
£©»#■»*— ^ y a. -MC^fCgg^LT V \*¥S»* 

u-i«tH^f©aH&ic«»a*iTS»a*u -tews© 

^©^fcflBS©*©^, #»WfC;l3Vvt4* 
=E=E^rL-;i/^©it^^l«I©iS®5^1«5:«I$!l^S ' H 

[HiB©fai#*swai 

[02] m&mimmmiz&^TimM&^mftis- 
[03] -e©ftfi©nfi^siM&^-rs«^0T*fes o 

[04] $e>(C ■€-©fifi©*BBIfJfiWS:^'tIliWBW» 

[05] $6>{c*fc, z^vmmmmzB-twmm 

[06] i|mW(Cl/— ^ya-A^D-flBlWS*^© 

u-^y=L-;wDfieR©«ftaBI««^1^ 

0T'feS. 

2 ij^^i/— 

3 ytyyy(A 

4 rty>r-V 

5 •9-- ; e ; E^:a.-;i> 
9, 14 U>X 

12, 2 9 3t7T>f/tSJ«|5« 

2 0 >M®S»&iMS 

2 1 A-f/^iiS& 
2 2 

2 3 K 
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2 5 a>?>V 
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